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FAILUAE MODES EFFECTS ANALYSIS (FMEA} — Cl. HARDWARE
NUMBER: MB-155-BM024-X

SUBSYSTEM NAME: MECHANICAL - EDS '
FEVISION: 1 DEC, 1938

FART NAME PART HUMBER
VEMDOR HAME VENDOR NUMBER
LR : GUIDE RING ASSEMBLY 33U.6271.0711-02 ("S0OFT")
RSC-ENERGIA J3U.e271.011-05 [PMAT)
J3U.6201.008-08 {FMAZ/3)
SRU : EBENEBOR ~A3UL5319.027
RSC-ENERGIA 33U.5318.027
PART DATA
EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
CAFTURE SENSOR
HEFEREMCE DESIGNATORE:
QUANTITY OF LIKE ITEMS: 3
THREE
FUNCTION:

THREE SENSORS, LOCATED ON THE GUIDE RING ASSEMELY. ARE USED TO MONITOR
THE RING MATCHING OF BOTH THE ORBITER/PMAT AND 1S3 (PMA2/FGE) DOCKING RING
ASSEMBLIES. EACH SENSOR CONTAINS TWO REDUNDANT SHORT CONTACTS AND
TWO REDUNDANT LONG CONTACTS. THE SHORT CONTACTS OF THE THAREE SENSORS
ARE COMNNECTED IN SERIES AND THE LONG CONTACTS OF THE THREE SENSORS ARE
CONNECTED IN PARALLEL. TOGETHER THEY SENSE THE MATING OF THE TWO
DOCKING RINGS AND SEND A SIENAL TO THE DSCU TO ACTIVATE THE HIGH ENERGY
(AND LOW ENERGY FOR THE *SOFT" MECHANISM) DAMPERS AND TO ILLUMINATE THE
"CAPTURE" INDICATOR LIGHT ON THE DOCKING CONTROL PANEL WHEN ALL THAEE
SENSORS ACTUATE SIMULTANEOUSLY. THE LONG CAPTURE SIGHAL IS DOWNLINKED
TO GROUND PERSONNEL. THESE SENSORS SENSE THE SECOND POINT IN THE
AUTOMATIC DOCKING SEQUENGCE - MATING OF THE TWO DOCKING RINGS. THE SIGNAL
FROM THE PMAZ/S PASSIVE MECHANISM CAPTURAE EENSORS IS TRANSFERED TO ISS
{(FGB) TO TURN OFF DYNAMIC REGIME (DOESN'T APPLY TO THE 2A MISSION).

SERVICE IN BEETWEEN FLIQHT AND MAINTENANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL., DOCKING WITH CALIBRATING DOGKING

MECHANISM.

MAINTAINASILITY
REPAIR METHOD - REPLACEMENT.

HEFERENCE DOCUMENTS: 33U.5318.027
33U.6271.011-0% (“SOFT)
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FAILURE MODES EFFECTS ANALYSIS {FMEA) — CIL -CH-HARDWARE
NUMBEH:; MB.155-8M024-M8-355-
BAa24-X )

931.6271.011-05 (PMAT)
a3y,6201.008-08 (PMA2/3)
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CiL FAILURE MQDE
NUMBER: M3-155-BM024- 02

REVISION# 2 JAN, 1997
SUBSYSTEM NAME: MECHANICAL - EDS :
LALU: GUIDE RING ASSEMALY CRITICALITY OF THIS
[TEM NAME: SENSOR, CAPTURE FAILURE MODE: 2R3

FAILURE MODE:
DONE CONTACT SET FAILS CLOSED

MISSION PHASE: - _ -
00 QON-ORBIT

VEHICLE/PAYLOAD/IT EFFECTIVITY: 102 DISCOVERY

104 ATLANTIS
105 ENDEAVOLR

CAUSE:

CONTAMINATION, PIECE PART STRUCTURAL FAILURE DUE TO MECHANICAL/THERMAL
SHOCK, VIBRATION, OR MANUFACTURER/MATERIAL GEFECT

CRITICALITY 11 DURING INTACT ABORT ONLY? NO

CAIMICALITY 1R2 DURING INTACT ABORT ONLY {AVIONICS ONLY)? NO

REDUNDANCY SCAEEN A) PASS

B) FAIL
C) PASS

PASS/FAIL RATIONALE:

A)

B)

SCREEN "B* FAILS BECAUSE ONE CAFTURE SENSGR "SHORT CONTACT CONTAGT SET
FAILING CLOSED IS NOT DETECTABLE IN FLIGHT. (HOWEVER, ONE CAFTLIRE SENSOR
"LONG CONTACT" CONTAGT SET FAILING CLOSED IS DETECTARLE.)

) B}

METHOD OF FAULT DETECTION:
NONE FOR FIRST THREE FAILURES. FOURTH FAILURE CAN BE DETECTED THROUGH

VISUAL OBSERVATION [PAEMATURE CAPTURE INDICATION WHEN NOUT REQUIRED) AND
INSTRUMENTATION (TELEMETHY DATA WILL INDICATE POWER TO THE HIGH ENERGEY
{AND LOW ENERGY FOR THE "SOFT- MECHANISM) EJ:.EMPEHS VWHEN F’FIEMATUF_IELY—

ENGAGED).
MASTER MEAS. LIST NUMBERS: V53X0757E
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CiL FAILURE MODE
NUMEBER: Mg-1S5-BMO24- D2

REMARKS/RECOMMENDATIONS:

AT LEAST ONE SHORT CONTACT SET ON EACH OF THE THREE CAPTURE SENSORS
ALONG WITH ONE LONG CONTACT SET ON ANY ONE OF THE THREE GAPTURE SENSORS
MUST DE CLOSED TO GET A CAPTURE INDIGATION, :

= FAJLURE EFFECTS -

(A} SUBSYSTEM:

INADVERTENT "RING SHOAT CAPTURE" OR "RING LONG CAPTURE* SIGNAL TO DSCU. NC
EFFECT FIRST FAILURE. A FAILS CLOSED CONDITICN ON ONE "SHORT" CONTAGT SET
ON ALL THREE CAPTURE SENSORS ACCOMPANIED WITH A FAILS CLOSED SONDITION
ON A "LONG™ GCONTACT SET ON ONE OF THREE SENSORS WILL RESULT IN PREMATURE
HIGH ENEAGY (AND LOW ENERGY FOR THE "SOFT™ MECHANISM) DAMPER ACTIVATION
AND A FALSE "CAPTURE" INDICATION ON THE DOCKING CONTROL PANEL AND TO THE
EEGGI:IJI‘ED THROUGH TELEMETRY DATA. PREMATURE SHUTOOUN CF 1SS DYNAMIC

{2} INTERFACING SUBSYSTEM(S): _

NO EFFECT UNTIL FOURTH FAILURE, AT WHICH TIME EXCESSIVE LOADS INGURRED
DURING DOCKING, AS THE RESULT OF THE HIGH ENERGY (AND LOW ENERGY FOR THE
"SOFT* MECHANISM) DAMPERS BEING ACTIVATED PRIOR CAPTURE, GOULD
PROPAGATE TO EXTERNAL AIRLOCK AND ORSITER/PMA1/PMA2 STRUCTURE.

(C) MISSION: :

NQ EFFECT FIRST FAILURE. IF SIMILAR FAILURE ON ONE "SHORT™ CONTACT SET ON THE
REMAINING TWO CAPTURE SENSORS AND ONE "LONG™ CONTACT SET ON ANY ONE
SENSOR GCCURS PRIOR TO CAPTURE, DAMAGE THAT COULD OGCUR AS THE RESULT
OF THE DAMPERS BEING ENGAGED COULD IMPEDE THE DOCKING PROCESS.

(D) CREW, VEHICLE, AND ELEMENT{E):
NC EFFECT ON CREW DR VEHICLE. FOTENTIAL DAMAGE TO OREITERPMA1 AND ISS
(PMAZ/FGR) DOCKING MECHANISMS DUE TO HIGH LOADS INCURRED DURING CAPTURE.

{E) FUNCTIONAL CRITICALITY EFFECTS:

NO EFFECT FIRST, SECOND, AND THIRD FAILURES (FAILED CLOSED CONDITION ON ONE
“SHORT" CONTACT SET OF ALL THREE CAPTURE SENSOAS). FOUATH FAILURE (DNE
"LONG® CONTACT SET OF ANY ONE CAPTURE SENSOR FAILING CLOSED) WOULD RESULT
IN THE FOLLOWING: (1) A PREMATURE CAPTURE INDICATION: {2) PREMATURE
SHUTDOUN OF IS5 DYNAMIC REGIME; {3} PREMATURE ENGAGEMENT OF HIGH ENERGY
(AND LOW ENERGY FOR THE "SOFT™ MECHANISM) DAMPERS FRIOR TO CAFTURE
RESULTING IN HIGH DOCKING LOADS. THESE HIGH LDADS COULD PREVENT CAPTURE
OR GAUSE DAMAGE TO BOTH ORBITER/PMA1 AND ISS DOCKING MECHANISMS,
POTENTIAL DAMAGE TO ORBITERPMA1 DOCKING MECHANISM COULD PRECLUDE RING
MOVEMENT RESULTING IN LOSS OF DOCKING. WORST CASE, LOSS OF MISStON

OBJECTIVES. .
DESIGN CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, DESCRIDED IN F): N/A

{F} RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
N/A (THERE ARE NO WORKARQUNDS TO CIRCUMVENT THIS FAILURE.)
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ Cll FAILURE MODE
. HUMBER: M8-135-BM0O24- 02

- TIME FAAME -

TIME FROM FAILURE TO CRITICAL EFFECY: HOURS TC DAYS
TIME FROM FAILURE OCCURRENCE TO DETECTION: SECONDS
TIME FROM DETECTION 7O COMPLETED CORRECTIVE ACTION: N/A

IS TIME REQUIRED TO IMPLEMENT CORRECTIVE ACTION LESS THAN TIME TO EFFECT?
MN/A '

RATIONALE FOR TIME TO CORRECTING ACTION VS TIME TO EFFECT:

THERE 15 NO CORRECTIVE ACTION TO THIS FAILURE SINCE A HIGH ENERGY [AND LOW
ENERGY FOR THE "SOFT” MECHANISM) DAMPER BEING ENGAGED IS NOT DETECTABLE
UNTIL AFTER CAPTURE, AT WHICH TIME THE RESULTING HIGH LOADS COULD DAMAGE
BOTH ORBITER/PMA1 AND ISS [PMA2/FGB) DOCKING MECHANISMS TO THE POINT OF
PRECLUDING DOCKING.

HAZARDS REPORT NUMBER(S): OFBI 4028

HAZARDKS) DESCRIPTION:
DAMAGE TO BOTH ORBITEFVFMAT AND IS5 DOCKING MECRANISMS.

~DISFOSITION RATIONALE-

{A} DESIGN: .

DESIGN OF THE SENSOR, SELECTION OF MATERIALS, AND SMALL ELECTRICAL LOADS
REDUCE THE FAILURE PROBABILITY OF BOTH CONTACTS. DESIEN OF THE CONTACT
PAIR {DUAL CHANNEL) HAS PASSED MAGNITUDES OF QROUND FUNGTIONAL TESTING
AND MULTIPLE USES DURING PILOTED VEHICLE OPERATIONS IN SPACE. WIRE
REDUNCANCY FOR EACH CONTACT, CHOICE OF MATERIALS AND COATINGS FOR THE
CONTACT PAIR, AND MAXIMUM SPACING BETWEEN LEADS OF EACH CONTACT PAIR
ASEURES A HIGH LEVEL OF RELIABILITY. SPRING WHICH AETURNS THE INTEANAL ROD
TO THE INITIAL POSITION IS DESIGNED TO OPERATE BEYOND LIMITS OF FATIGUE AND
THUS, POSSIBILITY OF SPRING FAILURE IS VERY LOW. MISALIGNMENT OF THE ROD IS
NOT POSSIBLE BY DESIGHN.

ANALYSIS HAS SHOWRN THAT THE MAXIMLUIM AXIAL LOADS INCURRED AS THE RESULT OF
THE HIGH ENERGY DAMPERS BEING AGTIVATED PRIOR TO CAPTURE ARE 5097KG
{TENSION) AND 2306 KGF (COMPRESSION) IN THE Z-AXIS, ANALYSLS HAS INDIGATED
THAT THE CAPTURE LATCHES WILL DISENGAGE WHEN THE AXIAL LOAD ON THIS AXIS
REACHES 23838 KGF. DAMAGE TO THE CAPTURE LATCH, THAT WOULD PREVENT IT PFROM
BEING ACTUATEDR CPEN, WILL NOT CCCUR FRIOR TD THE DISENGAGEMENT AXIAL LOAD
OF 3685 KGF. THESE LOADS WILL NOT EXCEED EXTERNAL AMRLCCK/OREITEA

STRUCTURAL LIMITE,

{8} TEST:
REFER TO “APPENDIX B" FOA DETAILS OF THE FOLLOWING ACCEPTANCE AND
QUALIFICATION TESTS OF THE DQCKING MECHANISMS RELATIVE TO THIS FAILURE

MODE.
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FAILURE MODES EFFECTS ANALYSLS (FMEA) = CIL. FAILURE MODE
NUMBER: M&-155-BMO24- 02

KIN HAMISM A PTANC 8TS;

. ELECTRICAL CIRCUIT VERIFICATION TEST

. INSULATION ELECTRICAL RESISTANCE TEST

. INTERFALE SENSOR FUNCTIONAL PERFOAMANCE TEST
. CAPTURE LATCH FORCE LOAD TEST

. VIBRATION TEST

. THERMAL VACUUM TEST

KING M ALIFICATION TESTS:

- ELECTRICAL CIRCUIT VERIFICATION TEST

. INSULATION ELECTRICAL RESISTANCE TEST
_ TRANSPOATABILITY STRENGTH TEST

. VIBRATION TEST

. EHOCK-BASIC DESIGN TEST

. THERMAL VACUUM TEST

. SIX-DEGREE-OF-FREEDOM TEST

. SERVICE LIFE TEST

. DISASSEMBLY INSPECTION

Lo TR L

L= I e R L R

CMRSD - TURNAROUND CHECKOUT TESTING 15 ACCOMPLISHED IN ACCORDANCE WITH
CMRSD.

{C) INSPECTION:
RECEIVING INSPECTION
ALL INGOMING PARTS ARE SUBJECTED TO EXTERIOR INSPECTION.

CONTAMINATION CONTROL

CORROSION PROTECTEON PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS; PARTS WASHING AND OTHER
OPERATIONS DF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
YERIFIED BY INSPELTION.

CRITICAL PROCESSES
HEAT TREATING, SOLDERING, CHEMICAL PLATING, AND CURING VERIFIED BY
INSPECTION.

ASSEMBLYAINSTALLATION
ASSEMBLY/AINSTALLATION YERIFIED BY INSFECTION.

TESTING
ATPIOTP/OMRSD TESTING VERIFIED BY INGPECTION.

HANDLING/PACKAGING
PACOPER PACKAGING, STORAGE, AND TRANSPORTATION VERIFIED BY INSPECTION.

s

(D) FAILURE HISTORY: '
CURRENT DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES

EXFERIENCED DURING GROUND FROGESSING OF ODS DOCKING MECHANISMS CAN BE
FOUND IN PRACA DATA BASE.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILUAE MODE
NUMBER: MB-155-BM024- 02

{E) CPERATIONAL USE:
GIVEN SUFFICIENT TIME CREW COULD CONTROL CLOSING PARAMETERS TO AVOID

HIGH LOADE DURING CAPTURE. CAEW MUST NOT RELY 100% GN THE CAFTURE
INDICATION. VISUAL OBSERVATICON THROUGH ORBITER GREW HATGH AND REMOTE TV
VIEWING THROUGH EXTERNAL AIRLOCK UPPER HATCH WINDOW COULD PROVIGE
INDICATION AS TD THE PROXIMITY BETWEEN BOTH DOCKING MECHANIZMS DURING THE
CAPTURE PROCESS, UNDER NORMAL CONDITIONS AN INITIAL CONTACT INDICATION
WILL FRECEED THE CAPTURE INDICATION AND ONLY UNDER JIDEAL CLOSING
CONDITIONS WILL T NOT APPEAR FIRST, THERE 15 NO WORKARDUND FOR A
PREMATURE ACTIVATION OF HIGH ENERGY DAMPERS IF NQT DETECTED PRICR TO

CONTALT.

- APPROVALS -
PRODUCT ASSURANCE ENGR. : M. NIKOLAYEVA
DESIGN ENGINEER :  E.BOBROV
NAGA SEMA :
‘NASA SUBSYSTEM MANAGER
JSC MOD
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